Supporting Material Tissue dissection and sample preparation
Six-week old male Wistar rats (250-300g) were euthanized in accordance to the University of Queensland Animal Ethics committee guidelines by CO 2 asphyxiation and the extensor digitorum longus muscles (EDL) were dissected and pinned out within liquid paraffin (Sigma-Aldrich, MO). 1 mM Fluo-5N pentopotassium salt, di-8-ANEPPS or fixable 10,000MW dextran-linked Alexa 680 (Life Technologies, Invitrogen) dissolved in Ringer solution (see below) was applied extracellularly to small bundles of fibres dissected from the EDL under paraffin. They were incubated for ~15 min allowing the dye solution to equilibrate between the fibre surface and the deep tubular systems.
Individual fibres were then separated and mechanically skinned, allowing the tubular system to reseal trapping the dye solution within. The skinned fibres were immsersed in a standard internal solution containing 100 nM free-calcium (see below) and pinned out within a chamber containing a No. 1.5 glass coverslip bottom.
In preparation for localization microscopy, the fibres with fixable dextrans trapped in the t-system were fixed by replacing the standard internal solution with internal solution containing 4% paraformaldehyde (BD Biosciences) for 15 minutes. Samples were washed three times in fresh phosphate buffered saline (PBS) and then mounted in the imaging buffer (See below).
Confocal microscopy of living fibres and image analysis
Samples were imaged as serial z-stacks on an Olympus FV-1000 inverted confocal microscope using a 60x 1.35NA oil immersion objective (Olympus) and a 488 nm Argon ion laser (Melles Griot).
Images were deconvolved using a Richardson-Lucy maximum-likelihood deconvolution algorithm implemented on IDL 8.2 (Exelis, Boulder, USA). The point spread function of the microscope was estimated from serial image stacks of 100 nm FluoSphere (Life Technologies) microspheres immobilized within similar imaging chambers and immersed in similar internal solutions. Threedimensional skeletonization and surface rendering were performed in Amira 5.4 (Visage Imaging, Germany).
For analysing the directionality of the sub-sarcolemmal tubules, the curved bottom surface of the skinned fibre was segmented out and projected into a 2D maximum-intensity projection using IDL.
The 2D image was then skeletonized and the orientations of local tubule segments were analysed using the 'Directionality' plugin in ImageJ v1.45 written by Jean-Yves Tinevez based on the Fourier space directionality algorithm used previously for analysing t-tubule geometry (1). 3D surface rendering of skeleton and tomographic electron tomography (EM) data was performed using OpenDX (open source).
Super-resolution direct Stochastic Optical Reconstruction Microscopy (dSTORM)
Fixed fibres were immersed in an imaging buffer for localization microscopy (see below) and mounted onto a No. 1.5 glass coverslip. Samples were imaged on a modified TE2000 inverted TIRF microscope (Nikon, Japan) using a 60x 1.49NA oil immersion TIRF objective (Nikon), a Q680LP dichroic mirror (Chroma technology) and a 671 nm solid state laser focused at 200 mW in a highly inclined light sheet onto a ~10 µm area of the bottom surface of the skinned fibre. The fluorescence emission was recorded onto a 512 × 512 pixel 16-bit TIFF images at 20 Hz using an Andor IXon DV887DCSBV electron multiplying CCD camera (Andor Technology, UK). This imaging protocol and hardware configuration has been previously described (2). ~20,000 frames were acquired from each sample and the localized positions of the single fluorophore events were used for reconstructing a greyscale image of the regional densities of the Alexa680 fluorophores as demonstrated previously (2). For analysis of dSTORM images, regions of Alexa680 labelling were binarised using the segmentation protocol described in (2). Binary masks of the SSTN were used for constructing a twodimensional (2D) skeleton and a Euclidean distance map of the distance from the edge of each labelled region. The recorded Euclidean distance on each pixel of the skeleton was doubled to obtain an estimate of the local width of the tubules.
Tissue preparation and tomographic EM
Flexor digitorum brevis (FDB) muscle fibres from adult C57BL10 wild-type mice were enzymatically isolated by incubating muscles in DMEM containing Dulbecco's modified Eagle Medium (Life technologies) containing 1.5 mg/mL Type I-A Collagenase (Sigma) for 30 minutes at 30 ○ C . Isolated intact fibres were incubated overnight at 30 o C (5% CO 2 ) in a DMEM supplemented with 5% fetal calf serum (GIBCO) and 1% penicillin and streptomycin (GIBCO) prior to fixation in 2.5% gluteraldehyde containing 1 mg/mL ruthenium red. Samples were embedded in an Epon resin and sectioned at a thickness of 300 nm using a Leica UltraCut UTC microtome (Leica Microsystems) and collected onto Formvar-coated copper grids. Tomographic EM was performed on thick sections using a Tchnai F30 EM operated at 300 kV, motorized tilt/roate holders and CCD camera. Images were realigned using SERIALEM image acquisition program. Analyses were performed with the UCSF Chimera package. Chimera is developed by the Resource for Biocomputing, Visualization, and Informatics at the University of California, San Francisco (supported by NIGMS P41-GM103311) (3).
Solutions and Materials
The Ringer solution used for dissolving the fluorescent dye solution contained 112 mM of NaCl, 3.3 mM of KCl, 2.5 mM of CaCl2, 1 mM of MgCl2 and 20 mM of Hepes with the pH adjusted to 7.4 using NaOH. The standard internal solution used for imaging the mechanically skinned fibre Sigma-Aldrich, MO). The pH of this solution was adjusted to 7.1 using KOH and the osmolarity was ~260 mOsm/kg. The imaging buffer for localization microscopy contained 90% Glycerol and 5 mM β-mercaptoethylamine in PBS.
Imaging the SSTN in fibres with the sarcolemma intact
To investigate any artefactual change to the SSTN in the process of mechanical skinning and the resealing of the tubules, comparisons were made between mechanically skinned fibres and cut fibres (with the surface sarcolemma intact). Similar tubular connections were observed in dSTORM images from rat fibres that were fixed with 4% paraformaldehyde following extracellular infiltration of fixable dextran-Alexa680 and a brief wash with physiological Ringer solution (arrowhead in Fig S1 D) . Note that large patches of dextranAlexa680 staining (asterisk) were apparent in regions of the surface sarcolemma that contained residual dextran-Alexa680 staining following the brief washing and competitive fixation. 
